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複習：Spatial Autocorrelation: Moran’s  I Statistic



複習：Moran Scatter Plots

Moran’s I can be interpreted as the correlation between variable, X,  and

the  “spatial lag” of X formed by averaging all the values of X for the 

neighboring polygons. 

Least squares “best fit” line to the 
points.
The slope of this regression line is 
Moran’s I

Xi

Lag Xi

is average 
of these



複習：Moran Correlograms

Correlogram: plot distance on X-axis against correlation coefficient on Y-axis



複習：Getis-Ord General G-statistic

◼ Moran’s  I 無法區別

“ hot spots” or “cold spots”

◼ Spatial Concentration method

◼ Definition

◼ Calculation of G must begin by identifying a neighborhood 

distance within which cluster is expected to occur

d : neighborhood distance

Wij : 1  if it is within d, 0 otherwise 



Join (Joint) Counts Statistics

• It is used for binary nominal data such as 1/0, yes/no and 
urban/rural counties. 

• The binary variable is denoted by two colors, black (B) and 
white (W)

• The method measures the spatial relationships between 
similar or dissimilar attributes in adjacent areas. 



Join (Joint) Counts Statistics

◼ If a given attribute of 1 occurs in an area, then the 
area will be assigned B. If it does not and has an 
attribute of 0, then it will be assigned W. 

◼ If two neighboring areas share a common boundary, 
they are conceptualized as joined.



Join counts 



Examples

Large proportion of 
BB and WW joins

Different numbers 
of BW, BB and WW 
joins

Large number of  
BW  joins;  
Small number of BB 
and WW joins



Join Count:  Test Statistic

• Each of the null hypotheses for the three types of joins 
determines whether the compared differences are 
statistically significant at p-value less than 0.05. 

• This is done by calculating the Z-test for each join and 
deciding whether the null hypothesis is true.



Join Count:  Test Statistic

Expected =  random pattern generated by tossing a coin in each cell.

Expected
Counts

Standard Deviation of 
Expected Counts  
(Standard Error)

Based on free (normality) sampling

where: k is the total number of joins (neighbors)
pB is the expected proportion Black, if random
pW  is the expected proportion  White
m    is calculated from k according to:



Example



Monte-Carlo Significance Test

◼ Permutation test (排列檢定)
❑ The null hypothesis is that the data were determined and 

then assigned to their spatial locations at random. 

❑ The alternative is that the assignment to each location 

depended on the assignment at that location's neighbors.

❑ The permutation test does not randomize over the possible 

sets of data values--it considers them given--

but conditional on the data observed, considers all possible 

ways of reassigning them to the locations.



Monte-Carlo Significance Test



教學網頁： join_count_monte_carlo.html



Case Study: Gore/Bush Presidential Election 2000 

Total number of joins = 
109 

Actual

Jbb 60

Jgg 21

Jbg 28

Total 109

Is there evidence of clustering by State?



Case Study: Gore/Bush Presidential Election 2000

Actual Expected Stan Dev Z-score

Jbb 60 27.125 8.667 3.7930

Jgg 21 27.375 8.704 -0.7325

Jbg 28 54.500 5.220 -5.0763

Total 109 109.000

• There are far more Bush/Bush joins (actual = 60) than would be expected (27)

– Since test score (3.79) is greater than the critical value (2.54 at 1%) result is 
statistically significant at the 99% confidence level (p <= 0.01)

– Strong evidence of spatial autocorrelation—clustering

• There are far fewer Bush/Gore joins (actual = 28) than would be expected (54)

– Since test score (-5.07) is greater than the critical value (2.54 at 1%) result 
is statistically significant at 99% confidence level (p <= 0.01)

– strong evidence of spatial autocorrelation—clustering



R code: joincount.test() and joincount.multi()



R code

TWPOP_sf <- st_read("Popn_TWN2.shp",options = "encoding=Big5" )

ID <- TWPOP_sf$COUNTY_ID

Sel <- ID == "65000" | ID == "63000" 

NorthTW_sf <- TWPOP_sf[Sel,] #研究區：台北＋新北

# 定義鄰近關係與鄰近矩陣

TWN_nb <- poly2nb(NorthTW_sf) #QUEEN = TRUE

TWN_nb_w <- nb2listw(TWN_nb, zero.policy=T)

# 計算切點：連續變數 轉換類別變數分類

ave <- mean(NorthTW_sf$A0A14_CNT)

max <- max(NorthTW_sf$A0A14_CNT)

HIPOP <- cut(NorthTW_sf$A0A14_CNT, breaks=c(0,ave,max), labels=c("LOW","HIGH"))

names(HIPOP) <- rownames(NorthTW_sf)

joincount.test(HIPOP, TWN_nb_w)

joincount.multi(HIPOP, TWN_nb_w)



R code: Results



R code: Results (cont’d)



R code: 兩個以上的類別

cut1 <- quantile(NorthTW_sf$A0A14_CNT,0.33)
cut2 <- quantile(NorthTW_sf$A0A14_CNT,0.66)
max <- max(NorthTW_sf$A0A14_CNT)

HIPOP <- cut(NorthTW_sf$A0A14_CNT, breaks=c(0, cut1, cut2, max), 
labels=c("LOW","MID","HIGH"))

names(HIPOP) <- rownames(NorthTW_sf)

joincount.test(HIPOP, TWN_nb_w)
joincount.multi(HIPOP, TWN_nb_w)



R code: Results



作業 1：實作計算

以1st-order ROOK鄰近定義，
[1]以連續變數計算 Getis-Ord G Statistics, G(d) 以及
[2]以類別變數計算 Join Count Statistics，比較與討論檢定結果。

不能使用空間分析套件，需利用R或Python自行撰寫程式碼，進行統計量的計算，
並以permutation test 計算其統計顯著性。



提示：建立網格資料的sf格式

library(sf)

data = c(20,20,20,20,10,30,20,20,30)

sfc = st_sfc(st_polygon(list(rbind(c(0,0), c(1,0), c(1,1), c(0,0)))))

grid = st_as_sf(st_make_grid(sfc, cellsize = .4))

grid$data = data

grid$data_factor = as.factor(grid$data)

# 建立鄰近矩陣

w_list = nb2listw(poly2nb(grid,queen=F),style="B")

w = nb2mat(poly2nb(grid,queen=F),style="B") 



作業 2：研讀論文

說明該篇論文如何利用join count統計方法來分析甲殼類物種的空間型態。

Reading_Join-count.Statistic.pdf



統計圖表解讀


